A putative DNA helicase gene from the granulovirus of Trichoplusia ni (TnGV) was cloned, sequenced, and compared with the corresponding gene of several multinucleocapsid nucleopolyhedroviruses (MNPVs) including those from Autographa californica (AcMNPV), Orgyia pseudotsugata (OpMNPV), Bombyx mori (BmNPV), and Spodoptera exigua (SeMNPV). The TnGV helicase gene (p137) encoded a helicase of 1158 amino acids with a predicted mass of 137 kDa. Comparison of p137 with Ac-MNPV p143 revealed 44n5 % identity at the nucleotide level, and, respectively, 28n6 % identity and 53n0 % similarity at the amino acid level. Similar levels of identity and similarity were obtained when TnGV p137 was compared with the corresponding helicase genes of BmNPV, OpMNPV and SeMNPV. Using an antisense probe made from an internal
Introduction
The two most common types of virus diseases that occur in lepidopteran insects are those caused by nucleopolyhedroviruses (NPV) and granuloviruses (GV), members of the family Baculoviridae (Martignoni & Iwai, 1986 ; Volkman et al., 1995) . The number of distinct virus species within each of these genera is unknown. The NPVs appear to be the most common having been reported from more than 300 species of lepidoptera, whereas the GVs are only known from slightly more than 100 lepidopteran species. NPVs and GVs are grouped together in the Baculoviridae because they are both occluded viruses, they produce enveloped rod-shaped virions similar in structure, and the genomes of both consist of a large supercoiled, circular dsDNA molecule. In addition, proteins 1n6 kb region of p137, a major transcript of approximately 3600 nt was detected by Northern blot analysis in fat body tissue from TnGV-infected larvae of T. ni. As both TnGV and AcMNPV replicate efficiently in larvae of T. ni, these results demonstrate that baculovirus putative DNA helicases which have diverged markedly can function efficiently in the same host. Three genes flanking TnGV p137, designated ORF68, ORF219 and ORF157, corresponded in order and orientation with AcMNPV ORFs 93, 94 and 96. However, the amino acid similarity between corresponding genes ranged from only 50n4 to 62n5 %, providing further evidence that related baculovirus proteins which have diverged markedly can function efficiently in the same host.
with corresponding functions that occur in both virus types, such as the occlusion body protein, share considerable homology, suggesting a common ancestor (Rohrmann, 1986 ; Zanotto et al., 1993) .
Though related, differences in the phylogenetic distribution of NPVs and GVs, as well as structural and biological differences between them, justify their classification in different genera. For example, NPV occlusion bodies are large, polyhedral and contain many virions per polyhedron, whereas in GVs they are small, granule-shaped and occlude a single virion per occlusion. NPVs replicate and form occlusion bodies exclusively in the nucleus of infected tissues, whereas the nucleus is destroyed during GV replication, after which virions are occluded in a mixture of nucleoplasm and cytoplasm. NPVs of lepidoptera also show a broad tissue tropism, whereas in GVs the tissue tropism varies with the GV type (Watanabe & Kobayashi, 1970 ; Tanada & Leutenegger, 1968 ; Federici & Stern, 1990 ; Federici, 1993) .
While differences in occlusion body structure, phylogenetic distribution and tissue tropism between NPVs and GVs have been known for many years, little is known about the molecular basis for these traits. This is because baculovirus studies have focused on multinucleocapsid NPVs (MNPVs), such as those from Autographa californica (AcMNPV), Orgyia pseudotsugata (OpMNPV), Bombyx mori (BmNPV) or Spodoptera exigua (SeMNPV), where the emphasis has been on identification of genes encoding virion structural proteins, or genes involved in replication and pathogenesis (Ahrens et al., 1997 ; Ayres et al., 1994 ; Kool et al., 1995 ; Lu & Carstens, 1991 ; Lu & Miller, 1995 ; Heldens et al., 1997 a, b) . In addition, though NPV molecular biology has advanced considerably over the past decade, because so much remains to be learned about this virus type the GVs have received comparatively little study. Research on GVs has also been hampered by a lack of suitable systems for growing these viruses in vitro (Naser et al., 1984 ; Granados et al., 1986 ; Crook, 1991 ; Funk & Consigli, 1992 ; Winstanley & Crook, 1993) .
Despite advances in our knowledge of baculoviruses, the genetic basis for the differences in host specificity and tissue tropism exhibited by different viruses remains one of the most intriguing aspects of their molecular biology. Recently, evidence has been provided that putative DNA helicases play a role in NPV host specificity. It has been found, for example, that changes of only one or a few amino acids in the AcMNPV DNA helicase permit this virus to replicate in B. mori cells, where replication is normally restricted (Maeda et al., 1993 ; Crozier et al., 1994 ; Kamita & Maeda, 1997) . AcMNPV and BmNPV are very similar to one another, and their putative DNA helicase genes share a relatively high degree of identity (96n2 %) at the nucleotide level. One of the many questions raised by these results is the extent to which the DNA helicases of two very different viruses that replicate in the same host might differ. To answer this question and to provide knowledge about GV genes in general, we cloned and sequenced the Trichoplusia ni (Tn)GV putative DNA helicase gene (p137) and compared it with the corresponding gene of AcMNPV. Here we show that although TnGV and AcMNPV replicate efficiently in the same host, T. ni, they encode two significantly different putative DNA helicases. Finally, by comparing the genes immediately flanking the putative DNA helicase genes in these viruses, we show that the order and orientation of these genes is conserved, although corresponding genes have diverged significantly, providing further evidence that proteins with similar roles, but which differ markedly in primary structure, function efficiently in the same host.
Methods
TnGV DNA isolation and construction of viral DNA libraries. The TnGV strain used was described by Summers & Paschke (1970) . Fourth instars of T. ni were infected per os, grown on artificial diet, and then at 10-12 days post-infection (p.i.), homogenized in water with a Sorvall Omni-mixer. The homogenate was centrifuged and the supernatant discarded. The pellet was suspended in water and the granules were further purified by centrifugation through 30-80 % glycerol gradients (Smith & Crook, 1988) at 20 mC at 13000 g for 15 min. After pelleting, the granules were rinsed twice in water, solubilized with 50 mM Na # CO $ , and extracted twice with phenol and phenolchloroform followed by DNA precipitation. DNA was digested with HindIII or EcoRI and ligated into the same sites of pUC13 (Pharmacia).
Mapping of p137 on the TnGV genome. The TnGV strain used to map p137 was described by Hashimoto et al. (1996) and provided by Robert R. Granados (Boyce Thompson Institute for Plant Research, Cornell University, Ithaca, NY, USA). Four µg of TnGV DNA was digested with either BamHI, EcoRI, HindIII, PstI or XhoI, and separated in a 0n7 % agarose gel. After separation by electrophoresis, the DNA fragments were transferred to a positively charged nylon membrane (Nytran Plus, Schleicher and Schuell), baked at 80 mC for 1 h and hybridized with the p137-specific antisense digoxigenin ssDNA probe (see below). Hybridization at 65 mC, post-hybridization washes, and chemiluminescent detection with CDP-Star (Boehringer Mannheim), were performed according to the manufacturer's protocol.
DNA sequencing. The TnGV putative DNA helicase gene was identified initially by random sequencing of the TnGV genomic DNA library. Once the approximate location of the TnGV putative DNA helicase gene had been identified, a 4n7 kb TnGV EcoRI fragment containing p137 was cloned into pBlueScript SK(j) (Stratagene) to generate p74EBSI, from which ExoIII deletion subclones were made using the Erase-a-Base kit (Promega). Nucleotide sequences for both strands were determined by the dideoxynucleotide chain termination method (Sanger et al., 1977) using the Sequenase version 2.0 kit (United States Biochemical) and [$&S]dATP (NEN). Commercial synthetic DNA primers (Genosys) were used to fill in gaps and to complete the sequence of ORF157.
Sequence analysis. Baculovirus sequences used for comparative analyses were those of ORFs 93-96 of AcMNPV (GenBank L22858 ; Ayres et al., 1994) , and corresponding regions of BmNPV (GenBank L33180 ; nucleotide positions 71263-71746, 71757-72441, 72479-76145 and 76132-76678) , ORFs 94-97 of OpMNPV (GenBank U39146 ; Ahrens et al., 1997) , the p143 homologue of SeMNPV (GenBank AF021837 ; Heldens et al., 1997 b) and Cryptophlebia leucotreta GV (ClGV) ORF486 (GenBank X77048 ; Jehle & Backhaus, 1994) . In addition, the p137 sequence was compared with partial sequences of two regions of the putative DNA helicase gene of Xestia c-nigrum GV (XcGV) (GenBank U70899 and U70898). Database searches were performed using the NCBI BLAST e-mail server programs, blastn and blastp (Altschul et al., 1990) . Comparisons were performed using the GAP and PILEUP on-line programs (University of Wisconsin Genetics Computer Group ; Devereux et al., 1984) .
DNA and RNA probes. To generate a p137-specific antisense probe, a p74EBSI ExoIII deletion subclone was linearized with NsiI and a 1n1 kb digoxigenin labelled ssDNA probe was synthesized by substituting the digoxigenin labelling-NTP mix with p137 antisense primer (5h GTAGTCGTTCCACAAC 3h) initiating at nucleotide 2649. The reaction was performed according to the manufacturer's protocol (Dig DNA Labelling and Detection kit, Boehringer Mannheim). A 1n6 kb p137-antisense RNA probe was synthesized from a subclone of p74EBSI with T3 RNA polymerase. The plasmid was linearized with NaeI and labelled with [α-$#P]CTP using the Riboprobe Gemini II Core System (Promega) according to the manufacturer's protocol. TnGV helicase gene TnGV helicase gene promoter. A 4n0 kb fragment (nucleotide positions 531-4509) containing p137 without its promoter sequence was ligated into pFastBac. Sitespecific transposition and selection of recombinant Bacmid (AcHUP-1) expressing p137 under control of the AcMNPV polyhedrin promoter, and transfection of BTI-TN-5B1-4 cells (Invitrogen) with Cellfectin reagent (Gibco BRL) were performed according to the manufacturer's protocol. Protein samples were analysed in a 12 % SDS-polyacrylamide gel according to standard protocol (Laemmli, 1970) .
Isolation of RNA. RNA samples collected over several days from the fat body of infected and uninfected T. ni larvae, or from BTI-TN-5B1-4 cells infected with AcHUP-1, were isolated with TRIzol reagent (Gibco BRL).
Northern blot analysis. Thirty µg samples of RNA were dried and reconstituted in 5 µl DEPC-treated H # O followed by addition of 25 µl of sample buffer (54 % formamide, 20 mM MOPS, 6n8 % formaldehyde, 7n2 % glycerol and 0n037 % bromophenol blue). After denaturation at 65 mC for 15 min, RNA molecular mass markers (Promega) and RNA samples were loaded onto a 1 % agarose gel containing 20 mM MOPS and 1n9 % formaldehyde. Electrophoresis was performed at 15 V\cm overnight in 20 mM MOPS buffer. After electrophoresis, the gel was stained for 30 min with 5 µg\ml ethidium bromide, destained in DEPCtreated H # O, and photographed. RNAs were blotted onto an 11i14 cm Nytran membrane overnight with 20i SSC (3 M NaCl, 300 mM sodium citrate ; pH 7n0) using the Turboblotter system (Schleicher and Schuell). The membrane was then baked at 80 mC for 1 h. Prehybridization was performed at 65 mC for 2 h in a solution containing 20 mM sodium maleate, pH 7n5, 5i SSC, 50 % formamide, 0n02 % SDS, 0n1% Nlauroylsarcosine and 2 % (w\v) blocking reagent (Boehringer Mannheim). Hybridization was performed overnight at 65 mC in 20 ml of hybridization buffer containing approximately 2n0i10' c.p.m.\ml of the probe. After hybridization, the membrane was washed twice for 5 min at room temperature in 2i SSC-0n1 % SDS followed by two washes for 15 min at 65 mC in 0n5i SSC-0n1 % SDS. The blot was subjected to autoradiography with an intensifying screen at k80 mC for 18 h.
Results

Identification, isolation and genomic mapping of p137
The TnGV helicase gene (p137) was initially identified by random sequencing of genomic clones in our HindIII library. A clone which shared partial sequence identity with p143 of AcMNPV was used as a probe to screen the TnGV EcoRI library. This resulted in identification of a 4n7 kb fragment which, after sequencing, was shown to contain the entire p137 gene. The p137 gene was mapped by Southern hybridization to the 7n7 kb EcoRI-J and 4n2 kb XhoI-M fragments on the physical map (Fig. 1 ) of the TnGV genome (Hashimoto et al., 1996) . The presence of p137 on a smaller EcoRI fragment in the TnGV strain we studied was due to phenotypic differences in restriction sites among TnGV variants, such as those known to occur among other baculovirus variants (Lee & Miller ; Smith & Summers, 1978) ; Spodoptera frugiperda MNPV (Maruniak et al., 1984) , CpGV (Crook et al., 1985) and Artogeia rapae GV (Smith & Crook, 1988) . Based on restriction analysis (data not shown), the orientation of p137 was the same as the granulin gene (Akiyoshi et al., 1985) . In contrast, the corresponding helicase gene, p143, of AcMNPV is oriented in the opposite direction to the polyhedrin gene (Ayres et al., 1994) .
Nucleotide and amino acid sequence analyses
The nucleotide sequence (5000 bp) was translated in all three frames resulting in identification of eight open reading frames (ORFs), each potentially encoding 50 or more amino acids. The data summarizing the characteristics of these ORFs and the proteins potentially encoded by each are shown in Table 1 . Only ORFs 1158 and 57, respectively, encoding p137 and a potential 6n3 kDa peptide, possess sequences flanking their translation start sites that conform to Kozak's rule (PuNNATGPu) for efficient initiation of eukaryotic translation (Kozak, 1986) .
Seven ATAAG sequences (positions 237, 70c, 1076c, 2081c, 2219c, 2851c and 4768c) and two GTAAG sequences (positions 4552 and 569c), known to be both late promoters and mRNA start sites (Rankin et al., 1988 ; Blissard & Rohrmann, 1990) , were contained within the sequence. Two CTAAG (positions 3295 and 136c) and seven TTAAG sequences (3967, 4100, 1635c, 2404c, 2530c, 2602c and 3277c) were also located within this region of the TnGV genome. However, only two of these late promoter sequences were within close proximity to the coding regions described, an ATAAG sequence 13 bases upstream of ORF219 and a GTAAG sequence 34 bases upstream of ORF157. A potential late promoter element (ATAAG) was also found 298 bases upstream of ORF1158.
The gene order and orientation of TnGV ORFs 1158, 68, 219 and 157 were identical to the corresponding genes in AcMNPV -ORFs 93, 94, 95 and 96, respectively (Ayres et al., 1994) . The orientation and order of the corresponding genes are also conserved in OpMNPV and BmNPV.
Comparisons of the TnGV ORFs, and the peptides they potentially encode, with the corresponding genes of AcMNPV, BmNPV and OpMNPV, revealed significant divergence between the GV and NPV genes ( Table 2 ). All of the NPV genes compared shared a high level of nucleotide sequence identity and amino acid similarity, whereas the GV genes showed much lower levels, ranging from 42n5 to 47n8% nucleotide sequence identity and 50n4 to 62n5 % amino acid similarity. ORF157, however, showed a higher level of nucleotide sequence identity (56n8 %) and amino acid similarity (71 %) with the corresponding gene of ClGV. The remaining ORFs (57, 127, 68a and 63) shared no significant homology with known baculoviral genes, and because these overlapped with ORFs in different reading frames, they are probably not functional genes.
The largest ORF (ORF1158) encoded a putative DNA helicase (p137) of 1158 amino acid residues with a predicted molecular mass of 137 kDa. This differs from the putative DNA helicase genes of AcMNPV (3663 nt, 1221 aa), BmNPV (3666 nt, 1222 aa), OpMNPV (3669 nt, 1223 aa) and SeMNPV (3666 nt, 1222 aa). However, the portions of TnGV p137 that corresponded to partial sequences of a putative helicase gene from XcGV showed a very high level of nucleotide sequence identity ( 84 %) and amino acid similarity ( 90 %) ( Table 2) .
Comparison of the sequences upstream from p137 and AcMNPV p143 showed that the promoter regions had also diverged markedly (Fig. 2) . Standard late promoter motifs (G\ATAAG) for p137 were not contained within the region compared, although an ATAAG sequence was present 298 bases upstream from the translational start site (nucleotide position 237). A potential early regulatory sequence RNCGTGYNY (Nissen & Friesen, 1989) was not found in this region, although the core sequence (GCCGTGTTG) was present 194 bases upstream from the p137 translational start site. The translational start codons for p137 and ORF157 of TnGV overlapped each other, whereas they do not in the corresponding genes (p143, ORF96) of AcMNPV (Fig. 2) .
Protein alignments
Alignment of the baculoviral DNA helicases (Fig. 3 ) revealed a relatively low level of identity and similarity between p137 and its NPV homologues (Table 2) . However, comparison of the p137 amino acid sequence corresponding to deduced partial sequences of XcGV suggested that these proteins were very similar, with amino acid identities of 90 % and 95 %, and similarities of 100 % (Fig. 3, Table 2 ). The leucine-zipper motif (White & Weber, 1989) conserved in the AcMNPV p143 protein (Lu & Carstens, 1991) was absent in p137.
Two putative nuclear localization signals (NLS) with the core sequence KXXK\R were present in all of the NPV p143 proteins (Fig. 3 , NLS-1 and NLS-2) whereas ten were found in p137. However, only NLS-1 was common among all of these putative DNA helicases. The NLS-2 sequence identified in p143 of AcMNPV (Lu & Carstens, 1991) , BmNPV (Kamita & Maeda, 1997) and SeMNPV (Heldens et al., 1997 b) was not present in p137, although its C terminus contained a unique KNDKCYKHNK sequence (residues 1033-1042).
A series of motifs characteristic of the DNA and RNA helicase superfamily have been described (Gorbalenya et al., 1988 Hodgeman, 1988 ; Matson & Kaiser-Rogers, 1990 ; Linder et al., 1989) . Similar sequences corresponding to seven of these motifs (I, Ia, II, III, IV, V and IV) have been D. K. Bideshi and others D. K. Bideshi and others reported in the DNA helicases of AcMNPV (Lu & Carstens, 1991) , OpMNPV (Ahrens & Rohrmann, 1996) , BmNPV (Kamita & Maeda, 1997) and SeMNPV (Heldens et al., 1997 b) .
These motifs, with varying degrees of similarity to the p143 helicase motifs, were also present in p137 (Fig. 4, Table 3 ). Other motifs (DEAD, SAT, HGIGR) found in a subgroup of TnGV helicase gene TnGV helicase gene Fig. 3 . Comparison of putative baculoviral DNA helicases. The amino acid sequences of the putative DNA helicases of AcMNPV, BmNPV, OpMNPV, SeMNPV, XcGV and TnGV were compared using the PILEUP program (Genetics Computer Group). Gaps among the sequences are indicated by periods. The modified leucine-zipper motif (*) and the putative nuclear localization signal (NLS ; highlighted) of AcMNPV p143 are shown. Ten NLSs present in p137, including three overlapping core residues (KxxK) at positions 1033-1042, are underlined. The NLSs present in all NPV helicases (NLS-1 and NLS-2), and p137 (NLS-1) proteins are boxed. Motifs (I, Ia, II-IV) conserved among members of the helicase superfamily are indicated by a black background. Also highlighted are the location of the Val 934 to Met 934 substitution in the temperature-sensitive strain of AcMNPV (ts8) (Gordon & Carstens, 1984 ; Lu & Carstens, 1991) , and the four amino acid substitutions at positions 551, 556, 564 and 577 (Croizier et al., 1994) , including the single replacement at position 564 (circled) (Kamita & Maeda, 1997) suggested to be involved in host range expansion.
helicases which are related to the transcription factor eIF-4a (Linder et al., 1989) were not present in any of the baculovirus putative DNA helicases. The significance of the apparent lack of conservation, or complete absence of similar sequences corresponding to motif V in p137 is unknown.
Though sequence comparisons revealed considerable divergence among the NPV p143 proteins (Fig. 3, Table 3 ), these shared more identity and similarity with each other than they did with TnGV p137, further validating GVs and NPVs as separate baculovirus genera.
A comparative analysis of the peptides encoded by ORFs 68, 219 and 157, and their corresponding NPV homologues in AcMNPV, BmNPV and OpMNPV, is shown in Table 2 . We were unable to identify any functional domains associated with these peptides using computer searches. Thus, the functions of these peptides are unknown, although the product of the ORF219 homologue in OpMNPV (ORF95 ; AcMNPV ORF94, p25) is associated with the envelope of occlusion-derived virus (Russell & Rohrmann, 1993) .
Expression of p137
Northern blot analysis of RNA samples collected from the fat body of T. ni larvae infected with TnGV showed a predominant transcript of about 3600 nt (Fig. 5 A) . Two additional transcripts of approximately 1400 nt and 4000 nt were also observed. The former was detected at 5, 7 and 9 days p.i. whereas the latter was only detected at 7 and 9 days p.i. In addition, Northern blot analysis of the AcMNPV recombinant (AcHUP-1) constructed to express p137 under the control of the polyhedrin promoter showed transcripts of similar size in BTI-TN-5B1-4 cells, although the 4000 nt transcript observed in infected larvae was not detected (Fig. 5 B) . A novel protein band consistent with the predicted molecular mass of p137 was observed by SDS-PAGE in BTI-TN-5B1-4 cells infected with AcHUP-1 (Fig. 5 C) .
Discussion
In the present study, we have provided strong evidence that the TnGV p137 gene is a homologue of the putative DNA helicase (p143) genes of AcMNPV, BmNPV, OpMNPV and SeMNPV. Despite a low level of nucleotide identity between TnGV p137 and the NPV helicase genes, this conclusion is supported by similarities among these viruses in the order and orientation of the helicase and flanking genes, and their deduced amino acid sequences. The genes flanking p137 on both the 3h and 5h end, for example, have the same order and orientation as their homologues in the AcMNPV, BmNPV and OpMNPV (Ayres et al., 1994 ; Kamita & Maeda, 1997 ; Ahrens et al., 1997) . With respect to the deduced amino acid sequences, though the overall similarity between p137 and, for instance, the p143 genes of AcMNPV and BmNPV, was only 53 %, the similarity for the conserved motifs was much higher. For motifs I, Ia and II, the similarity was greater than 60 %, and greater than 70 % for motif I (Table 3 ). The similarities among TnGV p137 and corresponding NPV proteins indicate they have the same or similar functions.
Our interest in characterizing the putative TnGV DNA helicase gene originated with previous observations which demonstrated that the DNA helicase genes of AcMNPV and BmNPV play a significant role in the host range determination of these viruses in vitro (Maeda et al., 1993 ; Croizier et al., 1994) . For example, homologous recombination of a 79 bp fragment of the BmNPV with the AcMNPV p143 changed amino acids at positions 551, 556, 564 and 577 (Fig. 3) , and extended the host range of AcMNPV to include B. mori (Croizier et al., 1994) . More recently, data obtained by Kamita & Maeda (1997) suggested that a single replacement in this region (Ser&'% to Asn&'%) was sufficient to obtain this result. If only one or a few amino acid differences could affect host range, it became of interest to know the extent to which helicase genes from two very different viruses, AcMNPV and TnGV, that replicated in the same host differed. While we cannot assign specific significance to the numerous amino acid differences we found between even the conserved motifs of TnGV p137 and AcMNPV p143 (Table 3) , our results show that putative DNA helicases with highly divergent primary structures can function very efficiently in the same host. This implies considerable flexibility in the formation of an operational replication (or transcription) complex with host and\or viral proteins. Further studies of helicases from closely and distantly related viruses are required to clarify the role these enzymes play in the determination of baculovirus host range.
The detection of TnGV p137 transcripts in the larval fat body by 3 days p.i. demonstrates that this gene is expressed in 
Percentage Percentage Motif
Virus similarity identity I AcMNPV 86n0 5 7 n 2 BmNPV 86n0 5 7 n 2 OpMNPV 71n5 4 3 n 0 SeMNPV 71n5 4 3 n 0 XcGV 100 100 Ia AcMNPV 61n1 3 8 n 9 BmNPV 61n1 3 8 n 9 OpMNPV 61n1 2 2 n 2 SeMNPV 66n7 3 3 n 3 XcGV 100 100 II AcMNPV 72n7 4 1 n 7 BmNPV 72n7 4 1 n 7 OpMNPV 72n7 4 1 n 7 SeMNPV 63n6 4 1 n 7 XcGV 100 100 III AcMNPV 50n0 4 1 n 6 BmNPV 50n0 4 1 n 6 OpMNPV 41n7 3 3 n 3 SeMNPV 41n7 4 1 n 6 IV AcMNPV 77n8 6 6 n 7 BmNPV 77n8 6 6 n 7 OpMNPV 55n6 3 3 n 3 SeMNPV 55n6 2 2 n 2 V* ---VI AcMNPV 50n0 1 2 n 5 BmNPV 50n0 1 2 n 5 OpMNPV 62n5 2 5 n 0 SeMNPV 37n5 0 n 0 * Too divergent for meaningful comparison. vivo and probably plays a role in TnGV DNA transcription and\or replication. Although none of the transcripts was mapped, it is likely that the 3600 nt transcript was transcribed from an early promoter, and the 4000 nt transcript from a potential late promoter (ATAAG) 298 bases upstream from ORF1158. The presence of the smallest transcript (1400 nt) in the fat body of T. ni infected with TnGV and in BTI-TN-5B1-4 cells infected with AcHUP-1 suggests that transcription may initiate within, or overlap with, p137. However, no regulatory elements that could account for the 1400 nt transcript were identified. The lack of p137 transcripts detected prior to 3 days p.i. could be due to the different pathology of this GV in comparison to NPVs. Following midgut epithelium invasion, the TnGV only infects the fat body, and disease progression in this tissue is slow in comparison to NPVs (Federici, 1993) . For example, whereas fourth instars infected with AcMNPV typically die within 5-7 days, the same stage larvae infected with the TnGV often live for 10 days or more. During the first 5 days, there are virtually no signs of disease ; infected larvae feed and respond to tactile stimulation much as do uninfected larvae. During this period, relatively few infected cells or progeny granules are observed in the fat body, and thus the level of TnGV transcription is low and probably accounts for our inability to detect transcripts early in the disease.
The sequence comparisons made in this study have implications for granulovirus systematics. Baculoviruses vary in their degree of host specificity, but most are not speciesspecific, and some, such as AcMNPV, actually have a broad host range. Because baculoviruses are typically named after the host from which they are isolated, and usually are not compared with other virus isolates, closely related viruses can bear the names of different insects. In this regard, the high degree of nucleotide sequence identify shared by the granulin genes of TnGV (Akiyoshi et al., 1985) and XcGV (GenBank accession no. U70069), and their helicase genes (Table 2) , in addition to their similar genome sizes of approximately 176 and 179 kbp, respectively (Goto et al., 1992 ; Hashimoto et al., 1996) , suggest these viruses may be variants of the same virus. Further comparative studies of GV and NPV helicase genes, therefore, have the potential for clarifying their role in host specificity as well as contributing to baculovirus systematics.
